Abstract. Water soluble phosphorus ranged from 0.2 mg to 117.8 mg/kg in 104 surface soil samples studied. On the average, water extracted less P from the heavy clay soils (4.8 ± 2.2 mg/kg) than from the coarser clays (12.8 ± 4.6 mg/kg) and non-clay soils (13.3 + 7.2 mg/kg).
Introduction
The availability of soil phosphorus to plants essentially depends on the solubility of phosphorus compounds or surface complexes. A great deal of effort has been expended on trying to find suitable chemical extraction methods for the determination of phosphorus resources in soils available to plants.
In Europe, the lactat method is commonly being used, but recently also the water extraction method of van der PAAUW (1971) and SISSINGH (1971) has become general. According to SCHACHTSCHABEL and BEYME (1980) , water soluble phosphorus reflects the quantity of total phosphorus relatively easily dissolved and, thus, the phosphorus supplying power of the soil. In the pot experiment made by AURA (1978) with some Finnish soils, the phosphorus extracted by water quite well correlated with the phosphorus uptake by the oats.
Water treatment is superior to strong extractants, because it does not alter the microstructure of the soil decisively. Further, water soluble, inorganic phosphorus is biologically immediately available and therefore the method can be used also for estimating the ability of eroded soil material to load surface waters with phosphorus or quantities of phosphorus possible to be dissolved in runoff waters.
The purpose of the present study was to investigate the amount of water soluble phosphorus in Finnish mineral soils and its dependence on soil properties. The results were assumed to give intimations also about factors regulating phosphorus exchange between the bottom sediment and overlying water in lakes.
Material and methods
The material consisted of 104 mineral soil samples from southern and middle Finland. Most of the samples were taken from the plough layer of cultivated soils and only a few ones from the surface layer of virgin soils. All the samples were air-dried and ground to pass a 2-mm sieve. They were divided into three groups on the basis of the results of mechanical analysis. The heavy clay soils (19) (pH 3.3) in the ratio of soil to solution of 1:20 (w/v). Aluminium, iron and manganese concentrations were determined by a Varian Techtron atomic absorption spectrophotometer.
The inorganic phosphorus status of the soils was studied by a modified CHANG and JACKSON fractionation method (HARTIKAINEN 1979) . The various extracts were analysed for phosphorus by a molybdenum blue method, modified by KAILA (1955) . Water soluble phosphorus was extracted by a modified van der PAAUW (1971) and SISSINGH (1971) exceed that of NaOH-P ("Fe-P"). In the heavy clay soils the ratio of NH 4F-P to NaOH-P tended to be lower than in the coarser ones. ', n=lo4). However, this correlation gives no information about factors primarily regulating the level of P soluble in water. The positive relationship is probably due to the fact that the main portion of total P is composed of fractions supposed to represent secondary phosphates (NH 4 CI-P, NH"F-P, NaOH-P and reductant soluble P). Table 3 shows that, excluding the heavy clay soils, the water soluble resources were quite poorly related to the H2SO4-P assumed to represent primary apatite-P. They were most closely connected with the NH 4 CI extractable fraction and quite well with the NH4F soluble one. They correlated distinctively more poorly with the NaOH-P, and not at all with the reductant soluble fraction.
The other soil properties studied seemed to have no direct effect on the extractability of P into water. Only an increase in the soil pH tended The NH 4F-P was not connected with oxalate extractable Al, whereas the oxalate soluble Fe seemed to some extent to explain the variation in the NaOH-P in the heavy and coarser clay soils (60 % and 56 %, respectively), but not in the non-clay soils. On the contrary, the ratio of NH4F-P to NaOH-P correlated moderately with the ratio of Al to Fe, the value of r being 0 78***(0.97***, n=l9) in the heavy clay soils, o.7s*** in the coarser clays, 0.47** in the non-clay soils and o.6o*** in all samples. The ratio NH4F-P/ NaOH-P was not significantly related to the soil pH. In the heavy clay soils it tended to become greater with an increase in the content of organic carbon (r=o.sB**).
An interesting finding observed was the tendency the reductant soluble P fraction being slightly related to oxalate extractable Fe(r=o.s3*, n=l9) The amorphous A 1and Fe oxides and the phosphates bound by them seem to be of great importance in controlling the level of easily soluble P in soils. Therefore the dependence of water extractable P on the molar ratios NH4F-P/AI and NaOH-P/Fe was calculated. As these molar ratios seemed to correlate with each other, the corresponding partial correlation coefficients, too, were calculated (Table 4 ). The results imply that water soluble P is primarily controlled by the ratio NH4 F-P/Al. This factor was found to explain 77 % of the variation in the NFI 4 CI-P. The soil sample extremely rich in water soluble P was a very heavily limed muddy fine sand. Generally, more P was extracted from the non-clay soils than the clay soils. This can be expected, because Finnish soils are found to retain P the more effectively the finer the soil material is (KAILA 1965 , HARTIKAINEN 1979 . The greater retention ability of fine textured soils is primarily due to their higher content of active sorption components. Also in the present material the heavy clay soils contained more abundantly oxalate extractable Al and Fe than the soils in the other groups.
The nature of P bonding seemed to be of major importance in controlling the extractability of soil P into water. It was found that, the later phase of the extraction sequence a given fraction represented, the more weakly it seemed to be associated with the water soluble resources. The NH 4 CI-P correlated most closely because it is obviously included in water soluble reserves. Thus, it reflects the soil P status alike with the water extractable P. SHARPLEY et al. (1977) , for instance, found that the mean concentration of dissolved inorganic phosphate in each of several surface runoff events from established pasture was closely correlated with the amounts of inorganic P extracted by 0.1 M NaCl from the top soil prior to the event.
The results of the correlation analyses illustrate the role of the NH 4F soluble fraction in determining the concentration of phosphate in the soil solution. However, as expected on the basis of a previous study (HAR-TIKAINEN 1979) , the supplying power of this fraction seems to be controlled by the amount of corresponding sorption component. Hence, the water soluble P was most closely related to the molar ratio NH 4 F-P/Al.
But, in spite of the striking correlation (r=o.93***, n=lo3), the role of this ratio as well as that of the NH 4 F-fraction should not be overestimated. First, it should be taken into consideration that this index does not include other anions (silicate, organic anions, etc.) competing with phosphate for sorptive surface, and so it does not describe actual conditions in soils. Second, at a certain ''saturation degree", one soil sample may contain smaller amounts of free active sorption components than another with higher absolute content of sorption agents. In the present material, for instance, the heavy clay soil sample exceptionally rich in oxalate soluble Al had the second highest molar ratio within the group, but the second lowest quantity of water soluble P. Third, it is obvious that, in addition to NH 4F-P supposed to be bound by Al, also the NaOH-P likely bound by Fe is of significance. Partly this results from the fact that there is no specific reagent to distinguish specificly these P forms (e.g. BROMFIELD 1970 , KURMIES 1972 (HARTIKAINEN 1979 Because the availability of secondary P seems to be dependent on the amount of sorption components, the suitability of strong reagents able to remove most of the adsorbed P is questionable. Besides, some other factors have shown to limit the reliability of many common extractants. Van der PAAUW (1969) , for instance, has reported that the P concentration in the potato tops correlated closely and independently of soil pH with water soluble P, but with P-AL (according EGNER-RIEHM-DOMINGO) only within a narrow pH range. Also in the present investigation there existed only slight, if any, dependence between water soluble P and soil pH. According to common knowledge, the availability of soil P improves with decreasing soil acidity. The significance of pH on desorption is, however, found to lessen as the amount of secondary P in the soil increases (HARTIKAINEN 1981 a) . Thus, the importance of pH varies in different soils. Further, on the basis of earlier studies (KAILA 1965 , HARTIKAINEN 1981 it can be assumed that the nature of P bonding, determining the extractability, is somewhat connected with soil pH.
In the heavy clay soils the ratio of NH4F-P to NaOH-P tended to become greater with increasing content of organic carbon in the soil. This may partly be due to the fact that in soil, Al participates less in complexation reactions than Fe (e.g. SCHNITZER and SKINNER 1963) . In addition, the complexation reactions have been found to remove P from the NaOH soluble form to the NH 4 F extractable one (HARTIKAINEN 1979 (HARTIKAINEN , 1981 . But, in accordance with the results of van der PAAUW (1969), the water soluble P was not dependent on the content of organic carbon in soil.
On the basis of what is stated above it can be concluded that water extractable P illustrates the ''effective P status" which is determined by the quantity and quality of sorption components, soil pH and the content of organic matter. Thus, these factors indirectly control the magnitude of easily soluble resources by affecting the nature of P bonding which, in turn, seems to be of decisive importance in water extraction.
Water extraction seems to be a suitable method for estimating the immediate P loading into waters caused by eroded soil and for estimating amounts of P possible to be carried out from fields as dissolved in runoff waters. It is obvious, however, that a relatively low surface layer is able to supply the runoff or flood water with P, because the diffusion of P in soil is very slow (LEWIS and QUIRK 1967, KUNISHI and TAYLOR 1975) .
The factors found to govern the water soluble P in soils may, to some extent, determine also the P exchange between the lake sediment and overlying water under aerobic conditions. If this assumption is valid, in addition to Fe bound phosphates also Al and P bound by Al are important factors in the P budget of lakes, as concluded earlier by HARTIKAINEN (1979) .
